ADDITIONAL INDEX WORDS. bioactivators, abiotic stress, animal waste hydrolysate, porcine blood, Lactuca sativa SUMMARY. The effects of different kinds of biotic and abiotic stress on crops can be lessened through exogenous application of different biostimulant products. Although some of these products come from enzymatic hydrolysates derived from animal remains, the literature does not contain references to the use of enzymatic hydrolysates obtained from animal hemoglobin, specifi cally porcine blood. With the aim of evaluating the effectiveness of a product obtained from the enzymatic hydrolysis of porcine hemoglobin (PHH) as a biostimulant that lessens the effects of thermal stress, two experiments were carried out in which lettuce plants (Lactuca sativa) were subjected to short-term episodes of intense cold and heat. After these episodes, different doses of the PHH product were administered into the growing medium. Moreover, in the heat episode experiment, one group of plants was fi rst subjected to a heat episode and then administered a commercial biostimulant with the aim of comparing its effi cacy with the PHH product. The biometric measurements carried out on the lettuce plants several days after being subjected to the episodes of cold and heat and then either administered or not administered the indicated treatments show that at the highest tested dose, the PHH product promoted a reaction that lessened the harmful effects caused by the intense cold and heat treatments.
Porcine Hemoglobin Hydrolysate as a Biostimulant for Lettuce Plants Subjected to Conditions of Thermal Stress
I n the last decade, a considerable number of products referred to generically as biostimulants have appeared on the market for application to crops. With greater or lesser effectiveness, these products lessen some of the negative effects derived from adverse conditions associated with water, salt, thermal, and mechanical stress, as well as the effects of insect infestations, fungal diseases, nutrient imbalance, and metal toxicity that can affect crops (Boehme et al., 2005) . Others have biostimulating effects under conditions that are not especially adverse; they improve performance, organogenesis, fruit formation, and photosynthetic activity (Liñán, 2004) . Some of these products also contain fertilizers that complement their characteristic biostimulating effect (Cadahía et al., 1998) .
Many different kinds of biostimulants are available. Some are synthesized from acid hydrolysis of organic aldehydes, while others come from enzymatic fermentation caused by the action of proteolytic yeasts on a specifi c substrate. Still others are obtained through the hydrolysis of proteins in an acid or basic medium. A large group of biostimulants come from cultures of bacteria, algae, and macrophytes whose proteins can be subjected to hydrolysis, which releases varying amounts of amino acids (Dimitrieva et al., 2003) and cytokinins (Liu and Huang, 2000) . Others are obtained from raw materials of animal origin, such as remains from industrial abattoirs that are subjected to hydrolysis treatments (Liñán, 2004) . Certain organic substances in the group of humates and lactates also have bioactive properties, and their effect is enhanced when they are applied in conjunction with specifi c microorganisms, such as the gram-negative rhizobacteria Bacillus subtilis (Boehme et al., 2005) . Finally, certain saturated alcohols, such as triacontanol, increase photosynthetic capacity (Syltie, 1988; Xing et al., 2002) . Other organic products, such as benzothiadiazole, induce resistance to powdery mildew (Sphaerotheca macularis) in strawberry (Fragaria ×ananassa) (Anttonen et al., 2003) and increase the defense mechanisms of plants against different kinds of stress (Kornienko and Kul'nev, 2004) . With regard to the effect of certain biostimulants on resistance to water stress, the literature reveals that the cytokinin content of some algae extracts and humic substances produces an increase in endogenous levels of cytokinins. This effect has been related to drought resistance in certain species of Gramineae (Zhang and Ervin, 2004) . In terms of tolerance to thermal stress, the literature shows it is related to variations in the activity of antioxidant enzymes (Liu and Huang, 2000) .
Animal blood, especially in desiccated form, has traditionally been used as an organic fertilizer for ornamental plants, edible mushrooms, and fruit trees. It has considerable macronutrients and its nitrogen content is especially high (9% to 16% of total dry matter); one fraction of its nitrogen content is released quickly while another is released gradually (Bensa, 1974; Bossard, 1960 
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industrial patents refer to products containing fresh animal blood that accelerate seed germination, as well as the use of desiccated blood as an organic fertilizer, no references have been found in the literature or in industrial patents on the use of animal blood or blood derivatives as a raw material for obtaining biostimulants for cultivated plants, except for the product under study. In particular, the use of porcine blood derivatives subjected to hydrolysis as a biostimulant of cultivated plants may represent a resurgence of this raw material. This article provides an agronomical evaluation of a product obtained through enzymatic hydrolysis of porcine red blood cells (PHH) under controlled pH and temperature conditions and used as a biostimulant for lettuce plants subjected to thermal stress.
Materials and methods

DESCRIPTION OF PHH.
The product being evaluated is known commercially as Pepton 85/16 (APC Europe, S.A., Catalonia, Spain). It is of natural origin, water-soluble, and obtained through enzymatic hydrolysis of porcine red blood cells under alkaline conditions. It is available in microgranular form. PHH has a high total content of L-α amino acids (84.83%) and free amino acids (16.52%), a high organic-nitrogen content (12%) and a low mineral-nitrogen content (1.4%), a medium potassium content (4.45%), a high iron content (4061 ppm), a very low heavy-metal content, and is free from pathogenic microorganisms ( nitrate, 1.12 mmol·L -1 sulphate. On 3 June 2004, a batch of 40 lettuce plants was moved from the greenhouse to a chamber for growth under controlled conditions. The ambient temperature was gradually increased over a 3-h period from 25 to 42 °C, where it remained stable for 2 h. The other 10 replicates of the group of 50 remained in the greenhouse. The plants subjected to the intense heat episode were considerably dehydrated. The temperature was then reduced to 25 °C in 1 h. The plants were then immediately returned to the greenhouse they had been taken from to join the 10 replicates that were not subjected to the heat episode.
The plants were distributed in the following different treatment groups:
•No stress control treatment (NSC): Made up of the 10 replicates that were not subjected to the heat episode described above and were not administered the biostimulant product. Each plant was a replicate.
•Stress control treatment (SC): Made up of 10 replicates that were subjected to the heat episode, but were not administered the biostimulant product after the episode.
•Commercial biostimulant treatment (CB): Made up of 10 replicates that were subjected to the heat episode and then immediately administered a dose of a commercial biostimulant, Siapton (Isagro España, S.L., Madrid, Spain), produced from the hydrolysis of protein material of animal origin with an amino-acid content of 7.9%. The CB has a medium total content of L-α amino acids (54.35%) and free amino acids (7.90%), a medium-high organic-nitrogen content (8.70%), a low mineral-nitrogen content (1.2%), a very low potassium content (0.03%), and very low iron content (<14 ppm). The CB has a very low heavy-metal content and is free from pathogenic microorganisms ( Table 2 ). The CB dose applied was in accordance with commercial recommendations, equivalent to 4 L·ha -1 , in an aqueous solution with 250 mL of CB for every 100 L of solution; the density was 15 plants/m 2 .
•Low-dose PHH treatment (PHH-LD): Made up of 10 replicates that were subjected to the heat episode and then immediately administered a dose of PHH equivalent to 2 kg·ha -1 in an aqueous solution with 250 g of PHH for every 100 L of solution; the density was 15 plants/m 2 . Therefore, the dose of PHH administered to each plant was 13.25 mg. In terms of the overall amino-acid content, this dose was equivalent to the dose administered to the CB treatment group.
•High-dose PHH treatment in an aqueous solution with 250 g of PHH for every 100 L of solution; the density was 15 plants/m 2 . Therefore, the dose of PHH administered to each plant was 26.50 mg. In terms of the overall amino-acid content, this dose was equivalent to twice the dose administered to the CB treatment group.
Therefore, the experiment consisted of fi ve different treatments: each plot contained one lettuce plant and there were 10 replicates per treatment (n = 10).
Growth was monitored until 14 June 2004 (i.e., 10 d after the heat episode). At the end of the experiment, the following parameters were measured for each of the plants in the experiment:
•Fresh weight of the aerial part of the plants (grams)
•Dry weight of the aerial part of the plants (grams)
•Specifi c leaf area [SLA (the quotient of the surface area of a circle taken from the centre part of an adult leaf divided by its respective dry weight)] (cm 2 ·g -1 ).
•Relative growth rate [RGR (the quotient of the increase in dry weight of individual plants during the 10-d period after the heat episode, divided by the plant's respective dry weight at the beginning of the 10-d period and by the number of days in this period)] (g·g -1 per day). The aim of this article is to evaluate the agronomical effects of the tested products and doses on plant growth. We have therefore used plant-growth analysis parameters such as RGR and SLA instead of the standard parameters used in ecological studies, such as chlorophyll fl uorescence and electrolyte leakage (Sakai and Larcher, 1987) . Specifi cally, the SLA and RGR parameters for fastgrowing herbaceous species such as lettuce are frequently high and can be modifi ed considerably when the plants are subjected to stress (Cambridge and Lambers, 1998) .
EXPT. 2: EFFECTS OF PHH ON LETTUCE PLANTS SUBJECTED TO AN EPISODE OF INTENSE COLD. On 23
July 2003 a total of 50 'Arena' lettuce seedlings were transplanted into 1-L pots full of sieved soil with a sandyloamy texture. The lettuce plants were grown in a glass-roofed greenhouse at the IRTA Santa Creu property in Cabrils. Cultivation followed good farming practices and the plants were watered through fertigation on a daily basis with the same nutrient solution used in Expt. 1, and applied using one drip tube per pot with a 2 L·h -1 nominal fl ow rate. On 13 Aug. 2003, 40 lettuce plants were moved from the greenhouse to a refrigeration chamber set initially at ambient temperature. After 1 h, the temperature was lowered to -3 °C and maintained for 4 h. After this cold period, the temperature was gradually raised to 30 °C over a 2-h period. The plants were then moved back to the greenhouse. Ten of these plants were administered an aqueous solution containing 60 mg of PHH in 150 mL of water. This treatment was called PHH-60. Another 10 plants were administered 120 mg of PHH in 150 mL of water , and yet another 10 plants were administered 240 mg of PHH in 150 mL of water (PHH-240). The doses of PHH used in this experiment were established based on the results of preliminary tests (unpublished data) on the effects of PHH on lettuce plants subjected to cold episodes. Each of the 10 remaining plants was administered only 150 mL of water. This treatment was called SC. The 10 plants that were not subjected to the cold episode were also administered 150 mL of water. This treatment was called NSC. The plants remained in the greenhouse for 13 d after administration of the treatments. The same parameters as in Expt. 1 were measured for each of the plants in Expt. 2 .
All statistical analyses were carried out using the General Linear Model of SAS (SAS Institute Inc., Cary, N.C.). A randomized design was used when comparing the effects of the treatments on lettuce parameters with individual plants taken as samples. Tukey's meanseparation test for comparison between treatments was used.
Results and discussion
EXPT. 1: EFFECTS OF PHH ON LETTUCE PLANTS SUBJECTED TO AN EPISODE OF INTENSE HEAT.
The analysis of variance of each parameter measured allowed us to detect statistically significant differences between treatments (Table 3) .
With regard to fresh weight, the results of the PHH-HD treatment were signifi cantly different from those of the SC, CB, and PHH-LD treatments, but not from those of the NSC treatment. Furthermore, the CB treatment had the lowest mean fresh weight of all the treatments under study and was signifi cantly different from all the others. Treatments PHH-LD and SC were not signifi cantly different from one another. These data show that, in terms of the fresh weight of the aerial 
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part of the lettuce plants, the PHH-HD treatment lessened the effects of the intense heat. However, the lower dose (PHH-LD) was not enough to lessen these effects. The tested dose of biostimulant CB had a depressive effect on the lettuce plants, given that their fresh weight was signifi cantly lower than the ones that had not been administered a biostimulant after exposure to intense heat (SC). On the other hand, an equivalent dose of PHH had a biostimulating effect under test conditions (Table 3) . The results of the means-separation test for the dry-weight variable were similar to those mentioned above, although in this case the mean dry weight of the PHH-HD treatment was signifi cantly higher than that of the NSC treatment. Likewise, the mean dry weight of the PHH-HD treatment was signifi cantly different from and greater than those of the other treatments. The dry weight of the PHH-LD treatment was not signifi cantly different from that of the NSC treatment, but it was signifi cantly different from that of the CB treatment, which was signifi cantly lower than all the others. Therefore, as in the foregoing case, at the tested dose, biostimulant CB reduced the biomass of the aerial part of the lettuce compared to the plants that received the SC treatment, which were not administered a biostimulant after being subjected to the episode of intense heat. Indeed, at the tested dose, CB had an undesirable effect on the lettuce plants (Table 3) .
Mean SLA values for treatments PHH-HD, PHH-LD, and NSC were not signifi cantly different from each other, but were signifi cantly greater than those of the SC and CB treatments. This result shows that, in the treatments in which PHH was administered, the product prevented or corrected the effect of the reduction in leaf area in reference to the biomass unit caused by the heat episode the lettuce plants were subjected to. On the other hand, the tested dose of biostimulant CB did not produce this prevention or correction (Table 3) .
Mean RGR values for treatments PHH-HD and NSC were not significantly different from each other. The RGR for treatment PHH-LD was signifi cantly lower than those for the previous two treatments, and RGR values for treatments CB and SC were signifi cantly lower than the others, but were not signifi cantly different from each other.
A signifi cant regression line was obtained between RGR and SLA values (RGR = 0.0010 · SLA -0.2794; R 2 = 0.866; P ≤ 0.05). The specifi c conditions of the heat episode the lettuce plants were subjected to probably did not signifi cantly alter the positive correlation between these two variables generally found in these plants (Garnier and Laurent, 1994) .
The fresh weight, dry weight, SLA, and RGR of lettuce plants subjected to PHH-HD treatment were 19%, 25%, 12%, and 168% higher than the respective values for plants subjected to the heat episode without subsequent addition of the biostimulant (SC treatment).
EXPT. 2. EFFECTS OF PHH ON LETTUCE PLANTS SUBJECTED TO AN EPISODE OF INTENSE COLD. The results
and corresponding mean separation tests for each treatment and variable analyzed are shown in Table 4 . The mean fresh and dry weights of the lettuce plants subjected to the episode of intense cold and then administered any of the three test doses of PHH (PHH-60, PHH-120, or PHH-240) were signifi cantly greater than those of the plants that were subjected to the episode of intense cold but were not administered the product (SC treatment). The mean fresh and dry weights of the plants that were administered the highest dose of PHH (PHH-240) were not signifi cantly different from those of the NSC treatment (i.e., the plants that were not subjected to the episode of intense cold). Therefore, with regard to the parameters involving the fresh and dry weight of the aerial part of the lettuce plants, the high dose of PHH Table 3 . Means and mean-separation statistics corresponding to the parameters fresh weight, dry weight, specifi c leaf area, and relative growth rate of 'Arena' lettuce plants subjected to fi ve different treatments: 1) control plants not subjected to a heat episode (NSC), 2) plants subjected to a heat episode (SC), 3) plants subjected to a heat episode and then administered a dose of biostimulant (CB), 4) plants subjected to a heat episode and then administered 13.25 mg z of porcine hemoglobin hydrolysate (PHH-LD) and 5) plants subjected to a heat episode and then administered 26.50 mg of porcine hemoglobin hydrolysate (PHH-HD) (n = 6). neutralized the effects of this drop in temperature.
Fresh wt
The SLA values of the PHH-240, PHH-120, PHH-60, and NSC groups were not signifi cantly different from each other, but were signifi cantly greater than the SLA values of the SC treatment.
Mean RGR values of treatments PHH-240 and NSC were not significantly different from each other, but were signifi cantly greater than the RGR values of the other treatments. Moreover, the RGR values of treatments PHH-120 and PHH-60 were not signifi cantly different from one another, but were signifi cantly greater than the RGR values for the SC treatment. In this experiment, the correlation between SLA and RGR was not statistically signifi cant. The specifi c cold conditions applied probably altered the positive correlation usually found between these variables.
The fresh weight, dry weight, SLA, and RGR of lettuce plants subjected to PHH-240 treatment were 17%, 43%, 8%, and 165% higher than the respective values for plants subjected to the cold episode without subsequent addition of the biostimulant (SC treatment).
The proline and 4-hydroxyproline content of certain biostimulants such as CB is responsible for lessening the damage caused by abiotic stress (Filippini and Bonfi glioli, 2005) . The proline and 4-hydroxyproline content of CB is 8.32% and 4.42%, respectively ( Table  2 ). The proline content of PHH is 2.84% (Table 1) . Nevertheless, the response of the PHH tested in Expt. 1 (stress caused by intense heat) was better than the response of the CB. Other compounds besides proline may therefore have been responsible for the palliative effects of the heat episode attributed to the hydrolysate derived from porcine blood studied here. Some results from the literature suggest that arginine plays a role in protection from injuries caused by freezing (Sagisaka and Araki, 1983) . In fact, the arginine content of the PHH product was quite high (5.22%) ( Table 1) . After a low temperature episode, absorption of minerals by plants is altered. In Expt. 2, the potassium, phosphorous, and iron supplements contained in treatments PHH-60, PHH-120, and PHH-240 may have contributed to lessening the effects of the low temperature related to the absorption of minerals. However, PHH's mode of action on plants subjected to different kinds of abiotic stress should be investigated.
In conclusion, the high dose of PHH tested in Expt. 1 (PHH-HD) helped correct the negative effects on lettuce growth caused by the increase in temperature. The high test dose of PHH in Expt. 2 (PHH-240) lessened the harmful effects of the cold, given that the parameters recorded in lettuce plants subjected to treatments PHH-HD and PHH-240 were not significantly different from the corresponding parameters of plants not subjected to episodes of heat and cold.
